Introduction
Titanium oxide (TiO 2 ) films have applications as function coatings for excellent photocatalytic property and high refractive index [1] [2] . The best photocatalytic activity is exhibited only by the TiO 2 film with anatase structure [3] . Though plasma-enhanced chemical vapor deposition (PECVD) is a common technique to prepare a high coverage and uniformity TiO 2 film, the deposited film possesses an amorphous structure [4] . An adequate post-annealing treatment is essential to activate film crystallization. In addition, the oxygen vacancy concentration in TiO 2 lattice accelerates the meta-stable anatase phase transformation even at low temperature, leading to an overall degradation in physical properties [5] . Accordingly, method to extend the appearance of anatase phase is crucial. A number of studies aimed to modify TiO 2 film performance were carried out by using metals or related oxides [6] [7] . In this study, an oxidation nickel seed layer was used to induce and enhance the crystallization of the TiO 2 film. The effects on the thermo-induced and photo-induced hydrophilicity compared to a pure TiO 2 film were investigated and discussed from the XRD and surface morphology measurements.
Experimental procedure
A 20-nm-thick nickel layer was deposited on the silicon substrates and oxidized at 550 o C for 1 min under oxygen ambient. Titanium oxide (TiO 2 ) film with a thickness of 250 nm prepared by PECVD using titanium tetraisopropoxide [Ti(OC 3 H 7 ) 4 , TTIP] and oxygen reactant gas was deposited onto the oxidation nickel seed layer at a temperature of 200 o C. The configuration of the TTIP-PECVD system is shown in Fig. 1 . A pure TiO 2 film was also prepared for comparison. These samples with and without a nickel oxide seed layer were annealed at temperatures of 300 o C-600 o C under oxygen ambient for 30 min. The crystalline structure and chemical bond natural were investigated using X-ray diffractometer (XRD) and Fourier transform infrared spectroscopy (FTIR) measurements. The surface morphologies were observed by scanning electron microscopy (SEM) with the accessory of the energy dispersive X-ray spectroscopy (EDS). The photocatalytic effect was evaluated from the surface hydrophilicity by measuring the water contact angle evolutions. Figure 2 indicates the thermo-induced hydrophilicity as a function of storage time in darkness ambient for the annealed samples with and without the nickel oxide seed layer. The as-annealed samples exhibited super-hydrophilic surface and gradually degraded after storage for 3 hours. The thermo-induced hydrophilicity was ascribed to the reduction of the oxygen vacancies and the conversion of Ti 3+ to Ti 4+ in the TiO 2 film [8] . The presence of the nickel oxide seed layer was responsible for enhancing the above-mentioned mechanisms. The FTIR spectra of the as-prepared and annealed TiO 2 /NiO x structures are shown in the inset figure of Fig. 2 . The peaks at 420 cm -1 and 3400 cm -1 were identified as the Ti-O vibration mode and terminal type of OH groups, respectively [2] . After thermal annealing, the spectra were dominated by Ti-O chemical bond. The higher the annealed temperature, the sharper and more intense is the Ti-O peak. Figure 3 shows the water contact angle as a function of UV light irradiation time for the TiO 2 films with and without a nickel oxide layer annealed at 350 o C. The photo-induced hydrophilicity of the annealed TiO 2 film with a seed layer was superior to that of the pure TiO 2 film. The inset XRD patterns in Fig. 3 indicate the difference in the crystalline structures. The annealed TiO 2 /NiO x film showed obviously TiO 2 anatase phase, while no diffraction peak was observed from the annealed TiO 2 film, revealing that the nickel oxide seed layer was able to lower the crystallized temperature of TiO 2 film. The X-ray diffraction patterns of the TiO 2 film with and without a nickel oxide seed layer annealed at 400 and 600 o C is shown in Fig. 4 . All the diffraction patterns showed obviously anatase crystalline structure with dominated phase of A(101). The FWHM of the A(101) phase for the annealed TiO 2 /NiO x films was narrower than that of the annealed TiO 2 films, indicating that the anatase structure in the annealed TiO 2 film was facilitated by the nickel oxide seed layer. In addition, the evolution of . The wider FWHM of the A(101) phase observed from the pure TiO 2 film annealed at high temperatures was attributed to the mechanism of anatase-rutile phase transformation [10] . As a result, the phase transformation of the TiO 2 film annealed at high temperatures was suppressed by using the nickel oxide seed layer. The associated photo-induced hydrophilicity as a function of the UV light irradiation time (1 mW/cm 2 ) is illustrated in the inset figure of Fig. 4 . The annealed samples achieved super-hydrophilic surface after irradiation time reaching 30 min. The best anatase crystalline structure obtained from TiO 2 /NiO x film annealed at 600 o C resulted in the excellent surface hydrophilicity as a consequence of the superior photocatalytic effect. The surface morphology of the as-prepared TiO 2 /NiO x structure is shown in Fig. 5(a) . The surface had ambiguous contour with round distributed grains. The surface morphology and the EDS spectra of the crystallization TiO 2 films with and without a nickel oxide seed layer annealed at 600 o C are given in Figs. 5(b) and (c), respectively. The particles in Fig. 5(b) was randomly distributed, while that in Fig. 5(c) was more uniform and was separated into several clusters. The cluster distribution was influenced by the island-like distributions of the nickel oxide seed layer shown in Fig. 5(d) . The crystal growth dimension was suggested to be constrained due to the cluster structures and thus enhance and extend the anatase crystallization after thermal annealing.
Experimental results

Conclusions
An oxidation nickel seed layer was employed to induce the crystallization of TiO 2 film. From the thermo-induced hydrophilicity study, the nickel oxide seed layer had the ability to compensate the oxygen vacancies and enhance the Ti 4+ activation in the TiO 2 film after thermal annealing, resulting in a longer storage time in darkness ambient. The associated XRD diffraction patterns of the annealed samples also indicated that this seed layer was able to induce and facilitate the crystallization of TiO 2 anatase phase, performing a superior photo-induce hydrophilic property. In addition, the anatase-rutile phase transformation of the TiO 2 film annealed at 600 o C was suppressed due to the specific cluster structures that were correlated with the island-like oxidation nickel seed layer. 
